The cohesin complex is thought to hold sister chromatids together between replication and mitosis by forming a ring that surrounds both chromatids. But how do the DNA molecules enter the ring? New data show that ATP hydrolysis by cohesin transiently opens the ring to promote DNA entry.
Ever since the founding work of Walther Fleming more than a century ago, the process by which one cell divides to create two daughters has fascinated biologists. But only now are we beginning to understand the mechanisms that underlie the coordinated distribution of the duplicated chromosomes -sister chromatids -to the two daughters when a eukaryotic cell divides. At the heart of this process lies an ingenious trick: between the times of genome duplication in S phase and segregation in mitosis, the newly formed sister chromatids are held together by a protein complex called cohesin. Thus, only matching pairs of sisters line up in mitosis, ensuring an equal distribution of the genomic information to the two daughter cells.
The multisubunit cohesin complex is conserved from yeast to man [1, 2] . The core complex of the budding yeast Saccharomyces cerevisiae is formed by SMC1, SMC3, Scc1 and Scc3. The two structural maintenance of chromosome (SMC) proteins are well adapted to function in cohesion ( Figure 1A ): they have a striking 500 Å long, antiparallel coiled-coil domain which connects an ATP-binding cassette (ABC) ATPase domain at one end to a dimerization (or hinge) domain at the other [3, 4] . The dimerization and ATPase domains are involved in higher-order cohesin architecture. The dimerization domains of SMC1 and SMC3 tightly associate to form a stable SMC1-SMC3 heterodimer [4] . Similarly, the ABC ATPase domains of SMC1 and SMC3 associate by mutual binding to the Scc1 subunit [4] .
On the basis of these structural features, Nasmyth and colleagues suggested that cohesin forms a large ring, which in principle could embrace both sister chromatids [4, 5] (Figure 1A ). In this model, the coiledcoil domains of SMC1 and SMC3 each form one half of the ring. The ring is closed at one end by association of the SMC1 and SMC3 dimerization domains, and at the other by association of Scc1 with the SMC1 and SMC3 ATPase domains. The ring model provides an intriguing mechanism for cohesion. For instance, it might allow for the stable but laterally flexible attachment of sister chromatids. This could be important, for example to allow simultaneous cohesion and condensation processes on chromosomes. Loss of cohesion in mitosis is triggered by cleavage of the cohesin Scc1 subunit by the protease separase, which is activated by destruction of its inhibitor securin (reviewed in [6] ).
The ring model beautifully explains many aspects of cohesion, but it raises an important question: how do the chromosomes get into the cohesin ring? Two studies [7, 8] ATP-driven engagement of the SMC1 and SMC3 ABC domains might thus be the lever that regulates and activates the loading of cohesin onto DNA. Weitzer et al. [7] found that an Scc1 cleavage fragment inhibits ATP-driven engagement of the ABC domains of SMC1 and SMC3 [7] . Arumugam et al. [8] found that the signature motif of SMC1, but not that of SMC3 is important for formation of a closed cohesin ring [8] . Taken together, the results suggest that Scc1 sterically prohibits ATP-driven engagement of ABC domains of SMC1 and SMC3 by blocking the signature motif of SMC1 from access to the ATP-bound SMC3. Such an Scc1-based mechanism would actively inhibit ATP hydrolysis on cohesin and help to ensure that the complex forms a stable closed ring.
If the cohesin ring has a low ATPase activity in solution, how then is it loaded onto DNA? One possibility is that additional cohesin subunits might activate the ATPase activity upon encounter of DNA. A good candidate is the Scc2-Scc4 complex, which has been shown to be required for cohesin loading onto chromosomes [14] . Mutations that inactivate Scc2-Scc4 cause a similar phenotype in budding yeast to those that block ATP hydrolysis by SMC1-SMC3 -cohesin rings form but cannot be loaded onto DNA [8] . Given these findings, it is tempting to speculate that Scc2-Scc4 allosterically regulates cohesin loading, either by remodeling the Scc1-Smc3 interface, by directly activating the SMC1-SMC3 ATPase functions and/or by specifically targeting the cohesin complex to cohesion sites.
While such a potential cohesin activation mechanism needs to be experimentally tested in future studies, the model suggested by Weitzer et al. [7] and Arumugam et al. [8] draws an interesting parallel with the related condensin complex. Condensin is composed of SMC2, SMC4 and an 11S heterotrimer and compacts chromosomes before segregation [15] . Like cohesin, condensin is suggested to form a large ring [16] . Recent results indicate that condensin compacts DNA by ATP-hydrolysis-driven transport of DNA loops into the condensin ring [17] , suggesting that cohesin and condensin might Current Biology R867 
